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DINAPHTAZEPINIUM SALTS USEFUL AS ENANTIOSELECTIVE EPOXIDATION CATALYSTS 

This invention relates to novel compounds and the use of such compounds 
as catalysts in oxygen transfer reactions. 
5 The catalytic asymmetric epoxidation of alkenes using chiral catalysts in 

particular the salen manganese complexes of Jacobsen et al (International Patent 
Application, Publication Number WO/91/14694), is now well established 
methodology in asymmetric synthesis. The imp onance of these catalytic systems 
stemsi nthemainfromtheversatilityofapp.icationoftheasymmetric 
10 epoxidation reaction itself. This versatility is due to the many and varied 
nucleophiles which can be used to open the substrate epoxide providing a 
concomitantly varied range of enantiomerically enriched products which are 
mcreasingly required for use for the manufacture of biologically important 
compounds such as pesticides, herbicides and pharmaceuticals 

catalvs, 1 " ad ?° n 10 ° rgan °' transition metal ba -<* catalysts, such as the Jacobsen 
catalysts purely orgamc asymmetric catalysts are also known. Thus Hanquet et al 
(Tetrahedron Letters, Vol. 34, no.45, PP 7271-7274) have demonstrated that the 
oxa.ndimum salt (IS, 2R. 3R, 4S)-N-methy,-l,2-ox:do-3-methyl-4-phenyl- 
1,-,3,4-tetrahyroisoquinolinium tetrafluoroborate catalyses the asymmetric 
epoxidation of tr^-sulbene and the asymmetric oxidation of methyl p- to l y , 
sulphide to the corresponding sulfoxide. The oxaztridinium salts are prepared 
tn sua from a cata, y «ic amount of an iminium salt and oxone (Hanquet et al ' 
C.R.Acad Sci., Paris, 1991, 313.SII, pp625-628). 

ha ^ Un , ,ike Sa ' en manga " eSe COmP ' eXeS 3nd ° ther ^no-transition metal 

in lT ^ rT OXaZiridlmUm Cat3,yStS d ° " 0l *» ™ of r ad 1C a. 

mtermedtates. They may therefore be used with a wider range of alkene 

subs^es as there is no requirement for .-stabilising groups on the alkene (to 
stable mcptent radicals). Also, the oxidation reactions of the oxaziridinium 
catalysts are stereospecific in the sense that cis alkenes gtve cis epoxides and trans 
a kenes gwe trans e P o X1 des. To date however, despite these advantages, the 
oxazindinium catalysts have not provided oxidation systems for use on an 
industrial scale. 

It has now been discovered that a novel series of oxaziridium salts show 
much promise in the catalytic asymmetric epoxidation of alkenes. The catalytic 
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According, in . « y S3fe so,ve ™- 

a compound of 



' ing,y> in a first aspect ,h» 
formula (I a ) or (lb): invention provides 




N*-R' 




. . da) 
wherem A and B each independently ren (Ib) 

aryl, a^oxv, siJyi ^ elected *» C M a%1 , Cj . 6 

1-6 alkyl or a moiety of formula (a): 
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CH 2 R 3 



20 



25 



herein R2 represem 
wherein R4 « r „ '" 6 kyl ' phenvJ or benzyl r3 renr „ „ 

x is a counter ion. 

Suitably, A represents hydrogen. 

S""ab.y )B represents hydrogen 
Samples ofRl when it™. 

An example of R|isbM;W 
S»tab, y , R 2 repres:ms 
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A suitable aryl group is a phenyl group. 

As used herein, alkyl groups, whether present alone or as pan of other 
groups such as alkoxy or aralkyl groups, are alkyl groups having straight or 
branched carbon chains, containing 1 to 6 carbon atoms, e.g. methyl, ethyl, 
n-propyl, iso-propyl, n-butyl, isobutyl or tert-butyl groups. 

The compounds of formula (la) and (lb) may be prepared by reacting, as 
appropriate, a compound of formula (11a) or (lib): 
A 





10 (lib) 

wherein A and B are as defined in relation to formula (I), with an alkylating agent 
of formula (III): 
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Rl-lJ 



(III) 



wherein Rl is as defined in relation to formula (I) and O is a leaving group or 
atom; and thereafter salting the compound produced with a source of counter ion 

x-. 

L 1 usually represents halide, such as bromide or iodide, tosyl. or mesyl. 

The reaction between the compounds of formulae (II) and (HI) may be 
carried out with or without a solvent; when using a solvent it is suitably an 
organic solvent, generally an inert organic solvent such as methylene dichloride. 
at a low to elevated temperature such as a temperature in the range of from 0 to 
100°C. conveniently at ambient temperature; preferably the reaction is carried out 
under anhydrous conditions; preferably (he reaction is carried out in an inert 
atmosphere, for example under nitrogen. 

The salting reaction with the source of counter ion X' may be carried out 
using any conventional procedure but is usually effected in the solvent used in the 
reaction, at ambient temperature. 
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The sour ce of counter ion X- ma 
»lkylaa„ s agmt m i% ^ *><■. convene ,, owevCT 

5 «F4-*. compos of fonnu , a < « « *— R I is C M a , M aw) x . „ 
Cm alkyl, mabyl (D) ,! a (R %OBF 4 , whercm Rla . K 
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Th5Ch,ralc o m Po™d S off„ rmu |,„ v , 
o mpound of fomiu|a ™ IV may h prepared fom 

The compounds of formula mi . , , 

Prepared using methods analogous to thole 7" C ° mP ° UndS ° r the * be 

w example the methods disclosed bv w c TJ * knOWn compounds, 

Chemacal Society, I963.&, 1409 . * $ " J ° hnSOn Journal of American 

The compounds of formula (IV) ar, t. 

Prepared using methods analogous L 1 ° r are 

25 * example the methods dtsclL ^ ^ ~- 
The compounds of form,. „ and Fu 

»™ P o u „ d of foimu)a (Va) h Pan* a. appropiaic , by ^ ™> 
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S CH 2 -R 3 




N-(CHJ„-CH 



S CH 2 -R 3 
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wherein A, B, R 2 R 3 and „ are as defined fa ^ ^ ^ ^ 

represents a leaving group; and thereafter salting the compound produced with a 
source of counter ion X". 

The cyclisation reaction of the compounds of formula (Va) and (Vb) may 
be carried out in an suitable organic solvent, usually an aprotic solvent such as 
acetone, at ambient or an elevated temperature, conveniently at the reflux 
temperature of the solvent. 

The salting reaction with the source of counter ion X" may be carried out 
using any conventional procedure but is usually effected in the solvent used in the 
cychsation reaction, at ambient temperature. The source of counter ion X" may 
be any conventional source such as an appropriate metal salt, for example when 
X is BF 4 - a suitable source is an alkali metal borotetrafluoride, such as sodium 
tetrafluoroborate or silver tetrafluoroborate. 

The compounds of formula (Va) and (Vb) may be prepared by reacting, as 
appropriate, a compound of formula (Via) or (VIb): 
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(Via) 



(VIb) 
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wherein A, B and l2 are as define ■ ' , 

ftah (VI „: ■ » f <™"< (V* .» . co„, p(>uml 
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H 2 N-(CH 2 ) n -*CH 



N CH 9 -R 3 



(VII) 



— £. R3 and „ are as defmed in K|Mjon _ o fom]ub 

zzu;;z: mpoa r of fom,u,a <v,a) - - - 

l—K, an a piWK Ml v.„ J, Z^T^ " ^ <• 

co mpoll „ ds «JZ£££ <**» •« » 50-C 
>™P«d us i„s mclhods Ma , "> k "<»™ ™"P<>«nd or ,h ey may be 

•» * e ^ discl : ; t ;i;:;T pare known °~- 

1989, 77 y tVans " a/ ' ^anic Synthesis. Vol. 68. 

The compounds of formula (Via) and t vtm 
accordance with methods illustrated below C ^ repared ln 
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Step l 



Mg8r 




Step 2 




""\Step 4 
fVa) or (Vb) 
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wherein A and B are as defined in relation to formula (I), the conditions of 
reaction and reagents used in for Steps 1 to 4 being those found in the following 
references: 

Steps 1 and 2: N. Naigrot, J.P. Mazaleyrat, Synthesis, 1985, p 317. 

Step 3: H. B. Hass, M.L.Bender, Org, Syn.,Coll. Vol. 4, 1963, 932. 

Step 4: B. Bezas, L. Zervas, JACS, 1961, 83, 719. 

As stated above the compounds of formula (I) are useful catalysts in the 
asymmetric epoxidation of alkenes. Accordingly, in a further aspect the 
invention provides a process for enantioselectively epoxidising a prochiral olefin 
such as 1-phenylcyclohexene, 1-methylcyclohexene, trans-stilbene and 
methylstilbene, which process comprises reacting the prochiral olef.n with a 
nucleophilic oxidising agent in the presence of a catalyst, characterised in that the 
catalyst is a compound of formula (la) or (lb): 



15 




'N- — R 




N*-R' 



< Ia > (lb) 
wherein A and B each independently represents hydrogen or one, two or three 
naphthylidene substituents, which substituents are selected from C,. 6 alkyl, 6 
20 alkoxy, aryl, aryloxy, silyl and silyloxy; 

R 1 represents phenyl, C,_ 6 alkyl, phenyl C U6 alkyl or a moiety of formula (a): 



— (CH 2 ) n CH; 



CH 2 R J 



25 wherein R2 represents Cj_ 6 alkyl, phenyl or benzyl; 

R 3 represents H or OR4 wherein R4 is C,. 6 alkyl orC,. 6 alkylsilyi and n is 
zero or an integer 1 or 2; and 
X is a counter ion. 
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One suitable nucleophilic oxidising agent is provided by a mixture of 
oxone (KHSO5) and NaHC0 3 . "uxtureot 

The epoxidation reaction may be carried out using any suitable 
procedure wherein the prochira. olefin, the nuc.eophilic oxidising agent and the 
5 compound of formula (la) or (lb) are allowed to react thereby providing ! 
required epoxide. 5 

The reaction is carried car, in an organic soleen, such as acelonioile 
mixture such as aqueous acetonitrile. "/water 

10 0,0 *j;r sacetoni ^ 

oxone/NaHC0 3 is the nucleophilic oxidising agent. 

The reaction is carried out at a low to medium-elevated temperature such 
as a temperature m the range of from -20 ,o 50°C, preferab.y at ambient 
temperature. 

15 Suitably, the reaction is carried out a, a neutral or alkaline P H such as in 

Suitably the molar ratio of the compound of formula (la) or (lb) to the 
The following prepannion and examples Omm, d,e presem invcnrton. 
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Iminium Sail Catalysts 
General Preparation Procedure: 

To a solution of the required imine in CH 2 C1 2 was added the corresponding 
alkylating agent. The reaction was left to react at room temperature until 
completion. The solvent was then removed and the residue was precipitated out 
in ether to give the desired salt. 
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Example 1: (S-( + )-5,S-Dihydro-2H.dinaphth[2,l-c:l',2'-e]-N. m ethyl 
10 azepine Tetrafluoroborate 

To a solution of (S)-imine from Preparation 1 (400mg, 1.36 mmol) in dry 
CH 2 C1 2 (1 0 ml) was added under N 2> Me 3 OBF 4 (222mg, 1 .5 mmol) in one 
portion. The reaction was left to react at room temperature under No for 24h 
The solvent was removed and the residue was precipitated out in ether to gl ve the 

CDCM 4 8 H mg ' 96%) ' fa ^ 2 ° + 1070 * » CH 2 C1 2 ); 5 H (250 mL; 
CDC1 3 ) 4.05 (3H, s, CH 3 ), 4.6 (1 H, d. J 12.5 Hz, ArCH'H), 4 95 (1 HdJ 
12J>Hz. ArQJH'). 7.0-8.25 (12 H, m, Ar-H), and 9.2 (1 H, s, CH=N)- 8 r (62 
MHz; CDCI3) 48.76, 58.8, 125.29, 126.14, 126.78, 126.9, 127 12 mil 127 5 
128.68, 129.54, 129.67, 130.12, 130.89, 131.41. 131.78, 131 93 133 87 1*35 29 
141.12, and 168.36; m/z (FAB) 308 (M+-87, 100%) (Found 308.1448 C«H,.N 
requires 308. 1439). WJ«18'> 

Example2: (5)-( + )-S,S.Dihydro-2»-dinaphth[2,l-c:I%2'.e].N-methyl 
azepine iodide 

A solution of (S)-imine from Preparation 1 (50 mg, 0. 1 7 mmol) in iodomethane 
(2 ml) was surred at room temperature, and very soon a yellow solid was formed 
in the reacnon mixture. TLC of the reaction after 24 h showed only a small 
amount of starting material left. The remaining imine and excess of iodomethane 
were removed trituration with ether. After drying under high vacuum the desired 
compound was obtained as a yellow solid (72 mg, 97%); 5 H (250 MHz; CDCI3) 
4.25 (3 H, s, CH 3 ), 4.70 (1 H, d, J 13.1 Hz, ArC//H), 4.85 (1 H d J 13 1 Hz 
ArC/VH), 7.00-8.50 (12 H, m, Ar-H), and 10.50 (1 H, s. N=CH)! ' 

Examples: (5)-( + )-5,5.Dihydro.2//-dina P hth[2,I.c:l',2>- e l-N. m ethyl 
azepine perchlorate 

A solution of AgC10 4 (34.3 mg, 0.17 mmol) in acetone (1 ml) was added to a 
solution of (S)-iminium salt from Example 2 (72 mg, 0.16 mmol) in CH 2 CI 2 (1 
ml). The sohd formed was filtered off and the filtrate was concentrated to give 
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the desired iminium sa]t 

10 Example 4- ft?) n c r rv 

solution of AePF* fdn ■» 
solution of f R) L mg ' 16 mmo, > in acetone f] m n 

ml) ThV ( Z limmum salt from Example •> r7n « 0 W3S added "> a 

« £ dell ' f0mied W3S offZ: t ; ]-Zt ^ mm0,) " CH 2C12 (2 

the deseed nrnnaum saI( which < the ^filtrate was concentrated to give 

nigh vacuum the desireH ™ precl P ltat ed from ether After w„ 

f aln20 778 , . T com P° u nd was obtained a « . ,, * yM * under 

ST* ww * , - s ' 5 - Di ^-^».p 1 ..hp,. c:1 . JV , Neihw . 

A solution of (S) * 3Zepine 

reaction mixture. TLC of rh. io,id was soon formed ;„ 
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A solution of AgBF 4 (40 mg, 0.2 mmol) in acetone (1 mJ ) was added to a 

T^rl^^nr fr ° m EXample 5 06 mg ' 017 mmol > in CH2C1 2 
(2 ml). The sohd (Agl) formed was removed by filtration. The resulting foam 

obtained by concentration of the filtrate, was triturated with ether to gave the ' 
desired product as a yellow gum (59 mg, 84%); [<x] D 20 . 832 (c 0 87 in 
5H (250 MHz; CD 2 C1 2 ) 1.50 (3 H, t, J 6.5 Hz. CH 3 ), 4.25 (2 H a > 6 5 Hz 

! ns E « 453 A (1 H H ; d - J 13Hz ' ArC " m 4 - 94 (1 d > J 13 

8.15 (12 H, m, Ar-H), and 9.13 (1 H, s, N=CH); 5 C (100 MHr CD 2 Cb) 13 87 
l^Vn^ 2 ^ 26 33, 126 88> 127 ° 2 - 127 '°' 12715 ' iSS?^' 

EX^iT* 13064 - 131 - 60 - 131 - 87 - 13201 ' 132 - 40 - 134 - 25 - i35 - 82 - 

a'TpTeVrom^ 

A solution of (S)-imine from Preparation 1 (50 mg, 0.17 mmol) in benzyl 
bromide (2 ml) was left to stir at room temperature for 2 days TLC of the 
reaction showed a small amount of starting material left. Excess benzyl bromide 
was removed under vacuum and the residue was triturated with ether to remove 
the unreacted starting material and trace amounts of benzvl bromide After 
drying under high vacuum the desired compound was obtained as a yellow solid 
(75 mg. 95%), m.p. 150-152 °C (dec), fa] D 20 + 450 (c Mg .„ CH 

t« «1I H ^.Ar-H).and 11.22(1 H, s. N=CH); 5 C (100 MHz; CDC1 3 ) 
56.5,. 65.28, 124.68, 126.86, 126.94. 127.19, 127.44, 128.47 128 65 P8 74 

35 34 T.l' I29 ' 49, 129 " 87 ' 130 - 19 ' 130 - 90 ' 131 - 03 ' ^ '31 60,133 44 
2 41 - 42 ' ^ 169 45; (FAB) 385 384 (M+-80, 100%); 

^ calc - 384 ,74 5 C29H22N (M+-80) requires 384. 1752. 

Examples: ^)-(-)-5,5-Dihydro-2//.dinaphth[2,l-c:r,2'-e]-N.benzyl 
azepine Tetrafluoroborate 

To a solution of (R)-bromide salt from Example 7 (prepared from 50 mg, 0 17 
mmol of (R)- mine from Preparation 1) in CH 2 C1 2 (2 ml) was added AgBF 4 (40 
mg. 0.2 mmol). The solid (AgBr) formed was separated and the filtrate ' 
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concentrated. The resulting foam was triturated with ether m 
product as a yellow gum (48 mg, 60%); [aJ D 20 6 7 " n fi ' ^ "T" 
M»* CDC13) 4.55 (1 H, d, y 12 . 5 Hz, ArC/fH) 4 95 H d"v p'Th " ^ 
Ara/Tf), 5.48 (1 H, d, J 14 Hz PhCZ/'H) 5 « n h i " 
5 8- 16 (17 H, m> Ar-H), and 9L» (H^ES t (, 0 mh" rn^' 
66-12, 124.71. 126.60, 126.63, 126 92 127 M l 2^ t^ CDCl3)56 ' 54 ' 
129.47. 129.70, 130.01, 130 ,8, S 0 * n VT' ^ 

133.46, 135.41, 135.44, 141.56, and 168.17 ' ^ 13M5 ' 13L6 °' 

Catalytic Epoxidation using I min i um Salt Catalysts 
General Procedure 

To a solution of aW (0 . 5 mmol) „ . ^ rf 

(1 -2 drops) w Sre added flrsl fin5 , t > ml) and water 

~"<^^^ 

suspense was allowed to react at room temperature, under good The 
-acuon was monitored using ,hin layer chromatography (TLC) r n 

„ • "'cr was added to the reaction mixture followed bv 

Example 1: ProparaUon of Ptalyl cxloltexene oaide 

J. . yellow <°° 5 -* 

TLC was used to follow the ,.,,r,i„„ , u Z ! ' °" d<!r S°<xi stirring, 

finished in 2 h Wa e, « m , ^ "" to " !d """ ,he *« 
«**. in ,o Z yle e ^ Zdf rl '° ^ rc,C ' i0 " m,Xtl,rC f< " to - d 
dried over aahyd™ 1 s ^e ° T"'' """"^ - 
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mixture as eluent to give the desired compound as a colourless oil (72m* 83% 
yield, 70% e.e). 

The epoxidation of phenyl cyclohexene to phenyl cyclohexene oxide was then 
carried out using other catalysts of the invention. The results obtained are shown 
5 in Table 1 



Table 1 



Example 
No. 


Rl 


X 


Yield % 


ee % 


1 


Me 


BF4 


83 


70 


3 


Me 


CIO4 


54 


74 


4 


Me 


PF6 


48 


61 


5 


Ei 


1 


55 


78 


6 


Et 


BF4 


78 


76 


7 


Bn 


Br 


71 


74 


8 


Bn 


BF4 


78 


73 



Preparation 1: (R(-) and S(+) 5,5-Dihydro-2H-dinaphth[2,l-c:1 \2'- 
10 e]azepine 

To a solution of (R)- or (S)-amine (295 mg, 1 mmol) (Journal of Organic 
Chemistry, 1986, 51, 2820-2822) in THF (5ml) was added KMn0 4 (648 mg, 4 
mmol). The reaction was allowed to react at room temperature for 5 h before the 
solid was removed by filtration. Concentration of the filtrate followed by 

15 purification on column using ethyl acetate : petrol ( 1 : 1 ) as eluant gave the desired 
compound as a syrup (234 mg, 80%), 
(S)- isomer, fa) D 20 +1363.7, (c 1.19 in CH 2 CI 2 ); 
(R)- isomer, fa] D 2() - 1363.7, (c 1.19 in CH 2 C1 2 ); 
Both isomers: 5 H (250 MHz; CDC1 3 ) 3.95 (1 H, dd. J 2.2 Hz and 1 1 Hz. 

20 ArCH'H), 4.96 (1 H, d. J 1 1 Hz. ArCHH'), 7.0-8.1 (12 H, m, Ar-H), and 8.6 (1 H, 
d, J 2.2 Hz, CH=N); 5 C (62 MHz; CDCI3) 55.90, 124.36, 125.27, 125.87, 
126.05, 126.42, 126.69, 127.16, 127.49. 128.07, 128.25, 128.44, 129.18, 130.49, 
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Claims: 

1- A compound of formula (la) or (lb): 





da) 

2hT> C B " Ch independe "^ re P— "ydrogen or one, two or three 
naphthyhdene substituents, which subsrituents are selected from C U6 alk yl c , 6 
10 alkoxy, aryl, aryloxy, silyl and silyloxy; * 1-6 

R 1 represents pheny,, C M alkyl. phe „ y , C ,. 6 alkyl or a moiety of formula (a): 



— (CH 2 ) r CH^ 



.R 2 



CH 2 R 3 



^ I" 6 "" P4 r T CmS Cl ' 6 a,ky1 ' " benZyl - R3 H or OR4 

wheremR4.se,., alkyl or C] _ 6 alkylsily. and n is zero or an integer i or 2: 



X is a counter ion. 



2. A com d accordjng (o da . m h where . n a 
^0 represents hydrogen. ' * 

3^ A compound according to claim , or Cairn 2, wherein R 1 represents Cl . 6 



25 4. 



A compound according to any one of claims 1 to 3, wherein R 1 represents 



C]. 6 alkyl 
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6. A compound according to any one of claims 1 to 5, wherein counter ion 
X is selected from the list consisting of: BF 4 -. Or, Br, I", CIO4- and PF 6 ". 

5 ^.^^"^^^^^^ 1 to 6, wherein counters 

fs M 5 A 5 C HTT nd 7»T ding t0 daim h SdCCted fr ° m Iist listing of 
(S-W-5,5-dihydro-2H-d.naphth[2 ) l-c:r,2--e]-N-methyl azepine 
tetrafluoroborate; 

(5)-(+)-5,5-dihydro-2W-dinaphth[2,l- c r 2'-^l-N ethvi • j., 
5 W-(-)-5 > 5-dihydro-2//-dina P hth 2 - ' ' > j^k" ^ '° dlde = 

W-( + )-5,5-dihydro-2//-d 1 na P hth 2 1-, 2 el N be 7*"* "f^*™* 
a i. a -^J-N-benzyl azepine bromide; and 

W-(-)-5,5-d,hydro-2/y-d 1 naph,h[2,l-c:r,2'-e]-N-benzyl azepine 
tetrafluoroborate. 

1 9 h h * Pr0CeSS prepM1,on of "« »n,po»nd s of fora,„la (la) and (lb) 



A 





(Ha) 



of formula (III): 

Rl-Ll 



(III) 
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wherein Rl is as defined in relation to formula (I) and O is a leaving group or 
atom; and thereafter salting the compound produced with a source of counter ion 
X . 

10. A process for enanttoselectively epoxidising a prochiral olefin which 
process comprises reacting the prochiral olefin with a nucleophilic oxidising 
agent in the presence of a catalyst, characterised in that the catalyst is a compound 
of formula (la) or (lb): 



10 



15 




N* — R' 




x- 



(Ia > (lb) 

wherein A and B each independently represents hydrogen or one. two or three 
naphthylidene substituents, which substituents are selected from C]_ 6 alkyl, Cj 
alkoxy, aryl, aryloxy, silyl and silyloxy; 

Rl represents phenyl, Cl . 6 alkyl, phenyl C,. 6 alkyl or a moiety of formula (a): 



20 



— (CH 2 ) n CH 



\ 3 

CH 2 R 3 

wherein R2 represents alkyl, phenyl or benzyl; 

R 3 represents H or OR4 wherein R4 isC] . 6 alkyl or C,. 6 alkvlsilyl and n is 
zero or an integer 1 or 2; and 
X is a counter ion. 



25 



30 
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